Summary: Studies in animal models suggest that oxygen radicals are important in the pathogenesis of acute pancreatitis. Cerulein, a decapeptide isolated from the skin of the frog, Hyla caerula, is closely related to the C-terminus of cholecystokinin and it is a potent stimulant of pancreatic exocrine secretion. The aim of the present study was to measure the activity of endogenous scavengers, Superoxide dismutase, catalase and glutathione levels in cerulein-induced acute pancreatitis in rats. We found that the plasma amylase and ribonuclease levels in the pancreatitis group were both significantly high (p<0.01, p < 0.05, respectively) when compared with the control group. Although Superoxide dismutase and glutathione levels of pancreatic tissue were decreased significantly (p<0.01, p < 0.01 respectively), we observed a significant increase (p < 0.01) in catalase activity in the cerulein treated group compared to the control group. Therefore, we concluded that the profound alteration of the activities of endogenous scavengers (Superoxide dismutase, catalase) and glutathione depletion occuring after cerulein-induced pancreatitis seemed to be important in tissue injury and may provide the basis for successful therapy of the disease.
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Superoxide dismutase EC 1.15.1.1 In this experiment, to observe the effect of cerulein-inCatalaseEC 1.11.1.6 duced acute pancreatitis on the biochemical defences, we measured the activity of endogenous scavengers, superoxide dismutase, catalase and the level of glutathione.
Materials and Methods

Reagents and solutions
All reagents were analytical grade and purchased from Sigma Chem Co (St Louis) and Merck Darmstadt (Germany).
Animals
Two-months old Swiss-Albino rats, weighing 180-220 g were used in this experiment. The animals were divided into two groups. The pancreatitis group received cerulein at doses of 20 g/kg body weight injected in a volume of 5 ml in 9 g/1 NaCl intraperitoneally 4 times at one hour intervals. An equal volume of saline alone was administered in the same manner to the control group. The animals were killed by decapitation 12 hours later.
Assays in tissue
For the assays of Superoxide dismutase and catalase, pancreatic tissue specimens were homogenised in phosphate buffer solution (pH = 7.4) in a ratio of 1/10 (weight/volume). After centrifugation at 600 g for 10 minutes, clear supernatant was used for the measurement of Superoxide dismutase and catalase activity.
Measurement of total Superoxide dismutase activity was performed according to Misra & Fridovich based on the inhibition of autoxidation of epinephrine (13) . Catalase activity was determined according to the modified method of Aebi (14, 15) . The catalase mediated decomposition of H 2 O 2 was monitored directly at 240 nm.
Total sulphydryl groups and non-protein sulphydryl groups (GSH) were measured according to Sedlak & Lindsay based on the reaction of Ellman's reagent (5,5'-dithiobis-2 nitrobenzoic acid) (16) . After homogenisation of the 200 mg pancreas tissue in 8.0 ml of 0.02 mol/1 EDTA, aliquots of 0.5 ml and 5.0 ml of the homogenates were used for total sulphydryl groups and GSH, respectively. Protein levels of pancreas tissue were determined according to Lowry et al. (17) .
Assays in plasma
Heparinized blood samples were obtained for the assay of plasma amylase and ribonuclease. Plasma amylase measurement was based on the hydrolysis of starch. The ribonuclease assay was performed by the method of Heppel based on the hydrolysis of polycytidylic acid (18) .
Microscopic examination of each group was also performed. For light microscopy, the pancreas tissue of each animal was fixed in buffered formalin and paraffin embedded sections were stained with hematoxylin and eosin.
Statistical analysis
The results reported in this study represent the mean ± SEM. Differences between the groups were evaluated using Student's t-test. A p-value < 0.05 was considered to be statistically significant.
Results
The alteration in the levels of Superoxide dismutase, catalase, GSH and total sulphydryl groups after intraperitoneal cerulein injection are summarized in Plasma amylase and ribonuclease levels showed a significant increase (p < 0.01, p < 0.05) in the pancreatitis group (tab. 2). We found a significant positive correlation between serum amylase and ribonuclease levels in the control group (r = 0.897, p < 0.01).
After 12 hours following the last cerulein injection, light microscopic examination of the rat pancreatic glands showed no evidence of damage. 
Discussion
The common consequence of an injury to the pancreas is the development of an interstitial edema containing proteases, the activation of which governs the progression and severity of the resulting acute pancreatitis (19) . Studies in animal models suggest that oxygen radicals may be important in the pathogenesis of acute pancreatitis (1, 2, (4) (5) (6) (7) (20) (21) (22) (23) . In this study we found that the plasma amylase and ribonuclease levels of the cerulein treated group were both significantly higher (p < 0.01, p < 0.05, respectively) than those of the control group indicating that acute pancreatitis was produced. Kinami et al. showed an increase in serum ribonuclease level for 48 hours after the development of pancreatitis in rat models (24) . Fumkawa et al. also observed pancreatic edema and elevation of serum amylase activity after the first injection of cerulein (25) . However, such biochemical evidence of our experiment could not be supported by histopathological change of pancreatic tissue under light microscopy. Schoenberg et al. (5) reported that the first lesions of pancreatic tissue became apparent after 3-5 hours, affected the entire gland and got worse after 12 hours of continuous cerulein infusion. The early changes were seen by electron microscopy after 30 minutes of cerulein infusion. They also observed that tissue levels of peroxidation products increased, reaching their highest concentrations after 1 hour of cerulein infusion and returning to control values after 3 hours (23). In our experiment, we injected cerulein intraperitoneally at a dose of 20 μg/kg for 4 times at 1 hour intervals. Schoenberg et al. (5, 23) treated the rats with a standard dose of cerulein 5 μg/kg per hour by infusion at a rate of 0.6 ml/hour. The differences in experimental models of established studies on cerulein induced acute pancreatitis can be an explanation for obtaining distinct observations. Dabrowski et al. (26) assessed the involvement of oxygen radicals by measuring the levels of reduced glutathione (GSH) and oxidized glutathione (GSSG) and Neuschwander-Tetri et al. also (22) investigated the status of pancreatic glutathione during the development of acute pancreatitis.
The authors found that pancreatic glutathione content decreased remarkably at the early stage of acute pancreatitis and began to rise after cerulein discontinuation. In our experiment, tissue GSH and total sulphydryl group levels significantly decreased. This is consistent with the results of Schoenberg et al. and Neuschwander-Tetri et al. (22, 23) and probably indicates that GSH is used in the destructive pathway of reactive oxygen species (1, 11) , and it is an essential component of intracellular defence against oxygen radical-mediated injury. Neuschwander-Tetri et al. (22) examined if the GSH depletion played a critical role in allowing tissue injury to progress by pretreating the animals with glutathione prodrug (glutathione monoethylester) and they concluded that glutathione prodrug prevented the depletion and significantly reduced the biochemical and histological evidence of cerulein induced pancreatitis (22) . Dabrowski et al. (26) assumed that the marked decrease in pancreatic non-protein (GSH) and protein sulphydryl groups results from excessive production of oxygen radicals overwhelming the capacity of the endogenous antioxidant mechanism. It has also been shown that glutathione peroxidase activity at 12 hours of the cerulein injection was significantly elevated compared to the basal level at 0 hour (1) and glutathione peroxidase is thought to be increased by the accumulation of lipid peroxides from the chain reaction of oxygen radicals. Similarly, Schoenberg et al. observed a significant reduction of GSH in cerulein induced acute pancreatitis (23) . They also regard the decrease of GSH as a manifestation of cellular oxidant stress. Niederem et al. reported that low dose of cerulein shown not to induce pancreatic injury caused moderate GSH depletion and suggested that cerulein induced a loss of GSH by a direct effect rather than a consequence of injury. Rapid consumption or catabolism of glutathione can be alternative explanations for the cerulein-induced pancreatic glutathione depletion (22, 27) , because irreversible consumption of glutathione can occur in an environment of ongoing lipid peroxidation (28).
Reports of some investigators indicate that species such as Superoxide and hydrogen peroxide might be key elements leading to progressive tissue injury in acute experimental pancreatitis (1, 23) . These highly reactive species are able to attack most biological substrates and cause cell injury through lipid peroxidation. In our study we observed that the endogenous scavengers Superoxide disrnutase and catalase, which specifically dismutate superoxide and hydrogen peroxide, were affected by the cerulein treatment. While there was a significant (p < 0.01) decrease in Superoxide disrnutase activity, we found a significant increase (P < 0.01) in catalase activity. The primary enzymes of the defence system are known as Superoxide disrnutase, catalase and GSH peroxidase. The second line of defence against oxidant induced cellular injury are non-enzymatic scavengers such as thiols, especially GSH, α-tocopherol, carotenoids" ascorbic acid, uric acid and methionine. Free radical scavenging processes in a cell can be both cooperative and antagonistic. In our experiment, we did not determine the peroxidation products. However, the decrease in GSH and total sulphydryl levels can be regarded as a manifestation of cellular oxidant stress (23) . Although the role of oxygen radicals in acute pancreatitis is still obscure, it is clearly known that endogeneous scavengers involved in the antioxidant mechanism are affected in cases of acute pancreatitis and this finding will provide an insight into the advance of disease therapy.
